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P H I L D S O P H I C A h 



T R A N SAC T I O N 



XIV* New Experiments upon Heat. By Cohnel Sir Benjamin. 
Thompfon, Knt. F. R. S. In a -Letter io Sir Jofeph 
33X11:$, Bart. P.R.S. 



ReadMardfi 9, 1786. 



DEARS I R, 

T HAVE at length begun the conrfe of experiments upon 
heat which I have fo long had in contemplation ; and I have 

already made a difcovery, which, if not new to you, is perfedly 

lb to me, and which I think may lead to a further knowledge 

re{pe£ling the nature of heat. 
Vol. LXXVI. O o Examining 
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Examining the conducing poWer of air, and of various 
other fluid and folid Bodies, with regard to heat, I was led to 
examine the conducing power of the Torricellian vacuum. 
From the ftriking analogy between the eleftric fluid and heat 
refpecling their conduftors and non-condu£lors (having found 
that bodies, in general, which are condu(£tors of the elciSlric 
fluid, are likewife good conductors of heat, and, on the con- 
trary, that eleftric bodies, or fuch as are bad conductors of the 
eleftric fluid, are likewife bad condudorsof heat), I was led to 
imagine that the Torricellian Vacuum, which is known to 
afford fo ready a paflage to the ele(5lric fluid, would alfo have" 
afforded a ready pafl[age to heat. 

The common experiments of heating and cooling bodies 
under the receiver of an air-pump I concluded inadequate to 
determining this queflion ; not only on account of the impof- 
iibility of making a perfect void of air by means of the pump ; 
but alfo on account of the moid vapour, which exhaling from 
the wet leather and the oil ufed in the machine, expands under 
the receiver, and fills It with a watery fluid, which, though 
extremely rare, is yet capable of conducing a great deal of 
heat : I had recourfe therefore to other contrivances. 

I took a thermometer, unfilled, the diameter of whofe 
bulb (which was globular) was -juft half an inch, Paris 
meafure, and fixed it in the center of a hollow glafs ball of 
the diameter of i^ Paris inch, In fuch a maimer, that the 
fiiort neck or opening of the ball being foldered faft to the tube 
of the thermometer 7! lines above its bulb, the bulb of the 
thermometer remained fixed in the center of the ball, and 
confequently was cut off from all communication with the 
external air. In the bottom of the glafs ball was fixed a fraall 
hollow tube or pointj which projeding outwards was foldered 

to 
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to the end of a common barometer tube about 32 inches in 
length, and by means of this opening the fpace between the 
internal furface of the glafs ball and the bulb of the thermo- 
meter was filled with hot mercury, which had been previoufly 
freed of air and moifture by boiling. The ball, and alfo the 
barometrical tube attached to it, being filled with mercury, the 
tube was carefully inverted, and its open end placed in a bowl 
in which there was a quantity of mercury. The inftrument 
now became a barometer, and the mercury defcending from 
the ball (which was now uppermoft) left the fpace fur- 
rounding the bulb of the thermometer free of air. The mer- 
cury having totally quitted the glafs ball, and having funk in 
the tube to the height of 28 inches (being the height of the 
mercury in the common barometer at that time), with a lamp 
and a blow-pipe I melted the tube together, or fealed it her- 
metically, about three-quarters of an inch below the ball, and 
cutting it at this place with a fine file, I feparated the hall 
from the long barometrical tube. The thermometer being 
afterwards filled with mercury in the common way, I now 
poffeffed a thermometer whofe bulb was confined in the center 
of a Torricellian vacuum^ and which ferved at the fame time as 
the body to be heated, and as the inflrument for meafuring the 
heat communicated. 



Experiment N" i. 

With this inftrument (fee fig. i .Tab. VI.) I made the following 
experiment. Having plunged it into a velTel filled with water, 
warm to the i8th degree of Reaumur's fcale. and fuffered it to 
remain there till ithad acquired the temperatureofthe water, that is 

O o 2 to 
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m fayt tin the mercury in the inclofed thermometer flood af 
1 8% I took it out of this veflel and. plunged it fuddenly into 
a vellel of boiling water, and holding it In the water (which, 
was kept conftautly boiling) by the end of the tube, in fuch a 
manner that the glafs ball, in the center of which was. the 
bulb of the thermometer, was juft fubmerged, I obfervedthe 
number of degrees to which the mercury in the thermometer 
had arifen at different periods of time, counted from the mo- 
ment of its immerfion. Thus^ after It had remained in tfie 
boiling water i min. 30 fee. I found the mercury had rifen 
from 18° to 27°. After 4 minutes had elapled, it had rifeii t<» 
M°-t%'> a»t^ 2t the end of 5 miuutes-it had xifen to 48% 



2 . 



Experiment N'^ 2; 

Taking it" now out of the boiling water I fvifFered if to cool 
gradually in the air, and after it had acquired the temperature 
of the atmofphere, which was that of 1 5° R. (the weather 
being perfedly fine), I broke off a little piece from the 
point of the fmall tube which remained at the bottom of the 
glafs balli where it had been hermetically^ fealcd, and of courfe 
the atmofpheric air rufhed immediately into the ball; The ball 
furrounding the bulb of the thermometer being now filled with 
air (inftead of being emptied of air, as it was in the before- 
mentioned experiment), I re-fealed the end of the fmall tube at 
the bottom, of the glafs ball hermetically, and by that means 
cut off all communication between the air confined in the ball 
and the external air; and with the inftrument fo prepared I 
repeated the experiment before-mentioned^ that is to fay, I put 
it into water warmed to 18% and when it had acquired the tera>" 

perature 
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|>eratiire of the water, I plunged it into boiling water, and 
obferved the times of the afcent of the mercury in the thernao- 
meter. They were as follows :; 



Time Heat 

elapfedr acquir€d. 

Heat at the moment of being plunged intoT 
the boiling water, . ► . i 

M..-S, 

After having remained ia the boiling water 045 27 



x8='R. 



I- O" 


34xV 


2 10 


AW-^ 


2: 40 


48.V 


4 


56xV 


5 


60A 



From the refult of thefe experiments it appears evidently, , 
that the-Torricellian vacuum, which affords fo ready a pafi'age 
to the ele<5lric fluid, fo far from being a good condudlor of heat, 
is a much worfe one than common air, which of itfelf is 
reckoned among the w^orft : for in the laft experiment, when 
the bulb of the thermometer was furrounded with air, and the 
inftrument was plunged into boiling water, the mercury rofe 
from 18° to 27° in 45 feconds; but in the former experiment, 
when it was furrounded by a -Torricellian vacuum, it required 
to remain in the boiling water i minute 30 feconds = 90 feconds, 
to acquire that degree of heat. In the vacuum it required 5 
minutes to rife to 48V-o ; but in air it rofe to that height in 
2 minutes 40 feconds ; and the proportion of the times in 
the other obfervations is nearly the fame, as will appear by the* 
following table. 



T&- 
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The bulb of the thcrrodmeter placed in t%^ 
center. of the glafs ball, and 

r— 



..Am 



furroiinded by a r j j l * 
«, .,,.-' lurrounded by air, 

TornceUian vacuum. ^ 

(Exp. N" 1.) (Exp. N° 2.) 

Time Heat Time Heat 

elapfed. acquired; elapfed. acquired. 

Upon being plunged into I iS° 8" 
boiling water 

M. S. „ M.; S. , 

jAfter remaiijing in it i 30 37 045 27 

I o 30^*^ 

44-,?^ 2 10 44-^%. 
48-^- 2 40 4B-rV 
• 4 o 56-rV 

— - 5 o ech-' 




9 



Thefe experiments were made at Manheim, .upon the firil 
day of July laftj in the prefence of Profeffor Hemmer, of 
the Eledoral Academy of Sciences of Manheim, and Charles 
Art ARIA, Meteorological Inftrument-maker to the Academy, 
by whom I was affifted. 

Finding the conftrudion of the inftruraent made ufe of iii 
thefe experiments attended with much trouble and rifque, on 
account of the difficulty of foldering the glafs ball to the tube 
of the thermometer without at the fame time either clofing up, 
or otherwife injuring, the bore of the tube, I had recourfe to 
another contrivance much more commodious, and much eafier 
in the execution. 

At the end of a glafs tube or cylinder ten or eleven inches in 
length, and near three-quarters of an inch in diameter inter- 
nally, I caufed a hollow globe to be blown if inch in dia- 



meterj 
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meter, with an opening in the bottom of it correfponding 
with the bore of the tube, and equal to it in diameter, leaving 
to the opening a neck or fhort tube, about an inch or three- 
quarters of an inch in length. Having a thermometer pre- 
jjated, whofe bulb was juft half an inch in diameter, and 
whbfe freezhig point fell at about 2 1 inches above its bulb, I 
graduated its tube according to Reaumur's fcale, beginning at 
0°, and marking that point, and alfo every tenth degree above 
it to 80°, with threads of fine filk bound round it, which 
being moiftened with lac varnifli adhered firmly to the tube. 
This thermometer I introduced into the glafs cyhnder and 
globe juft defcribed, by the opening in the bottom of the 
globe, having firft choaked the cylinder at about 2 inches from 
its juncflion with the globe by heating it, and crowding its fides 
inwards towards its axis, leaving only an opening fufficient to 
admit the tube of the thermometer. The thermometer being 
introduced into the cylinder in fuch a manner that the center 
of its bulb coincided with the center of the globe, I marked a 
place in the cylinder, about three-quarters of an inch above 
the 8bth degree Or boiling point upon the tube of the inclofed 
thermometer, and taking out the thermometer, I choaked the 
cylinder again in this placfe. Introducing now the thermometer 
for the laft time, I clofed the opening at the bottom of the 
globe at the lamp, taking care, before I brought it to the fire, 
to turn the cylinder upfide down, and to let the bulb of the 
thermometer fall into the cylinder till it refted upon the lower 
choak in the cylinder. By this means the bulb of the thermo- 
meter was removed more than 3 inches from the flame of the 
lamp. The opening at the bottom of the globe being now 
clofed, and the bulb of the therrnometer being fufFered ta 
return into the globe, the end of the cylinder was cut off to 
4 wlthia 
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within about lialf an inch of the upper choak. This being doniS;^. 
it is plain, that the tube of the thermometer prpjedled. beyond, 
the mdof the cyUwder. Taking hold of the end of the tube, 
I placed the bulb of tlie thermometer as nearly as poffible in 
the center of the globe, and jobferving and marking a point in 
the tube immediately above tiie upper choak of the cylinder, "I, 
turned the cylinder upfide down, and fufFering the bulb of the 
thermometer to enter the cylinder, and reft upon the firft or 
lower choak. (by which. means the end of the tube of the ther- 
mometer came further out of the. cylinder), the end of the tube 
was cut off at the mark juft mentioned (having firft taken care 
to melt the internal cavity, or bore of the tube together at that 
place), and a fmall folid ball of ^lafs, a little larger than the 
internal diameter or opening of the choak, was folderedto the 
eud.jof the tube, forming a little button -or .knob, which 
refting upon the upper choak of the cylinder, ferved to fuf- 
pend the thermometer in fuch a manner that the center of its 
bulb coincided with the .center of the globe in which it was 
ihut up. The end of the cylinder above the upper choak 
being Jiow heated and drawn out to a point, or rather" being 
formed into the figure of the fruftum of a hollow cone, the 
end of it was foldered to the end of a barometrical tube, by the 
help of which the cavity of the cylinder and globe containing 
the thermometer was completely voided of air with .mercury ; 
whei), the end of. the cylinder being hermetically fealed, the 
barometrical tube was detached from it with a file, and the 
thermometer was left completely {hut up in a Torricellian va- 
cuum, the center of the bulb of the thermometer being con- 
fined in the center of the glafs globe, without touching it in 
any part, by means of the two choaks in the cylinder., and 
the button upon the end of the tube. 

2 Of 
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Of thefe inftruments I provided myfeif with two, as nearly 
as poffible of the fame dimenfions ; the one, which I fliali 
call N° I. being voided of air, in the manner above defcribed ; 
the other, N° 2. being filled with air, and hermetically fealed. 
With thefe two inftruments (fee fig. 2.) I made the follow- 
ing experiments upon the nth of July lafl, at Manheim, be- 
tween the hours of ten and twelve, the weather being very 
fine and clear, the mercury in the barometer ftanding at 27 
inches n lines, Reaumur's thermometer at 15°, and the quill 
hygrometer of the Academy of Manheim at 47°. 

Experiments N° 3, 4, 5 and 6. 

Putting both the inftruments into melting ice, I let them 
remain there till the mercury in the inclofed thermometers 
refted at the point 0°, that is to fay, till they had acquired 
exadly the temperature of freezing water or melting ice ; and 
then taking them out of the ice I plunged them fuddenly into 
a large veffel of boiling water, and obferved the time required 
for the mercury to rife in the thermometers from ten degrees 
to ten degrees, from o'' to 80°, taking care to keep the water 
conftantly boiling during the whole of this time, and taking 
care alfo to keep the inftruments immerfed to the fame depth, 
that is to fay, juft fo deep that the point 0° of the inclofed 
thermometer was eveii with the furface of the water. 

Thefe experiments I repeated twice, with the utmoft care : 
and the following table gives the refult of them* 
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""l bermometer N° i . 

Its bulb half an inch in dia- 
meter, lliut up in the center 
of a hollow glafs globe, li 
inch in diameter, void of air, 
and hermetically fealed. 

Taken out of freezing "water., 
and plunged into boiling water. 



Time elapfed. 



Exp. N° 3. Exp. N° 4. 



Heat 
acquired. 



M. 
O 
O 
1 
I 
I 
2 

3 
II 



s. 

51 

59 
I 

18 

24 
o 

30 
41 



S. 

51 

2 
22 

23 
51 



M. 
o 
o 
I 
I 
I 
I 

3 o 

10 27 



10 

20 

30 

40 

50 
60 

70 

80 



22 44 21 I = total time 
of heating from 0° to 80°. 
Total time from 0° to 70° ; 

M. S. 

In Exp. N° 3. = 1 1 3 
In Exp. N'' 4.= 10 34 



Medium = 10 48I 



'•Ihermometer N° 2. 

Its bulb half an inch in dia- 
meter, (hut up in the center 
of a hollow glafs globe, i| 
nch in diameter, filled with 
air, and hermetically fealed. 

Taken out of freezing water, 
and plunged into boiling water. 



Time elapfed. 



Exp. N^ 5. Exp. N° 6. 



Heat 
acquired. 



M. 
O 
O 

o 
o 
I 
I 

2 

9 



s. 

50 
35 
41 

49 
I 

24 

45 
10 



M. 
o 
o 
o 
o 
o 
I 

2 

9 



s. 

30 

31 
41 

53 

59 
20 

25 
38 



10 
20 

30 
40 

50 
60 

70 



^^ 5S, 17 3 = total time 
of heating from 0° to 80°. 
Total time from 0° to 70* : 
M. S. 
In Exp. N° 5. = 7 45 
In Exp. N° 6. = 7 25 



Med 



mrn = 7 ^^ 



It appears from thefe experiments, that the conducing 
power of air to that of the Torricellian vacuum, under the cir- 
cumftances defcribed, is as 74-4 to i o l!i inverfely, or as 1000 

to 702 nearly ; for the quantities of heat communicated being 
4 equal, 
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equal, the inteniity of the communication |is as the times 
inverfely. 

In thefe experiments the heat pafled through the furrounding 
medium into the bulb of the thermometer : in order to reverfe 
the experiment, and make the heat pafs out of the thermo- 
meter, I put the inftruments into boiling water, and let them 
remain therein till they had acquired the temperature of the 
water, that is to fay, till the mercury in the inclofed thermo- 
meters flood at 80° ; and then, taking them out of the boiling 
water, I plunged them fuddenly into a mixture of water and 
pounded Ice, and moving them about continually in this mix- 
ture, I obferved the times employed in cooling as follows. 



Thermometer N° 


1. 


Thermometer N*^ 2. 


Surrounded by a Torricellian vacuum, j 


Surrounded by air. 


Taloi out of boiling water, 


and plunged 


Taken out of boiling watery and plunged 


into free%ing water 


• 


into freezing water. 


TTinie elapfed. 


Heat loll. 


Time elapfed. 


Heat loft 


Exp. N°7. Exp.N°8. 


Exp.N°9. Exp.N°iO. 






80° 




, 80" 


M. S. M. S. 


M, S. M. S. 


12 54 

58 12 


70 

60 


33 33 70 
39 34 60 


I 17 I 18 


5° 


44 44 s'^ 


I 46 I 37 


40 


SS 55 40 


25 2 16 


30 


I 17 I 18 30 


3 H 3 ^° 


20 


I 57 I 57 20 


5 42 S 59 
Not obferved. Not oblervee 


10 
1. 


3 44 3 40 10 
40 10 Not obferved. 


Total time of cooling from 


80° to 10°. 


Total time of cooling from 8o° to lO^, 


M 


. s. 


M. S. 


In Exp. N° 7.= 1 6 
In Exp. N°8.=:i6 

Medium = 16 


4 
i6 

10 


In Exp. N" 9. =9 49 
In Exp. N" io, = 9 41 


Medium— 9 45 



p 



P 2 



By 



284 5'/r Benjamin Thompson's 

By thefe experiments k appears, that the coiiduiSlIng power 
of air is to that of the Torricellian vacuum as p-^i. to 16^4 
inverfely, or as 1 000 to 603. 

To determitie whether the fame law would hold good when 
the heated thermometers, inftead of being plunged into freez- 
ing water, were fufFered to cool In the open air, I made the 
following experiments. The thermometers N° i. and N° 2. 
being again heated in boiling water, as in the laft experiments, I 
took them out of the water, and fufpended them in the middle 
of a large room, where the air (which appeared to be perfectly 
at "f eft, the windows and doors being all fhut) was warm to 
the 1 6th degree of Reaumur's thermometer, and the times of 
cooling were obferved as follows. 



(Exp. N°ii.) 

Thermometer N° I . 

Surrounded by a Torricellian vacmim. 

Heated to 8o°, and fufpended in the of en 

air ivarm to 1 6°. 


(Exp. N" la.) 

Thermometer N° 2. 

Surrounded by air. 

Heated to 80°, and fufpended in the open 

air warm to 1 6°. 


Time elapfed. Heat loft, 

^ 80" 

M. S. 

Not obferved. 70 
1 24 60 


Time elapfed. Heat loft. 

80° 

M. S. 
N«t obfeived, 7P 

51 60 


1 44 5° 

2 28 40., 

4 '^ 30 


I 5 50 

I 34 4& 
a 41 30 


10 1 2 r:: total time employed 
in cooling from 70'^ to 30''. 


611 zr total time eiTiployed 
in cooKng from 70° to 30'^. 



Here the difference in the conducting powers of air and of 
the Torricellian vacuum appears to be nearly the fame as in 
the foregoing experiments, being as 6^ to lo^.!- inverfely, or 
as I oca to 605. I could not obferve th^ time of cooHug from 
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80" to 70°, being at that time bufied in fufpending the 
inftruments. 

As it might poffibly be objefted to the conclufions drawn 
from thefe experiments that, notwithftanding all the care that 
was taken in the conftrufting of the two inftruments made 
life of that they (hould be perfedly alike, yet they might 
in reality be fo far different, either in Ihape or lize, as to occa- 
fion a very fenfible error in the refult of the experiments ; to 
remove thefe doubts I made the following experiments. 

In the morning towards eleven o'clock, the weather being 
remarkably fine, the mercury in the barometer {landing at 27 
inches 11 lines, Reaumur's thermometer at 15°, and the hy- 
grometer at 47°, I repeated the experiment N° 3. (of heating 
the thermometer N° i. in boiling water, &c.) and imme- 
diately afterwards opening the cylinder containing the thermo- 
meter at its upper end, where it had been fealed, and letting 
the air into it, I re-fealed it hermetically, and repeated the ex- 
periment again with the fame inftrument, the thermometer 
being now furrounded with air, like the thermometer N° 2. 

The refult of thefe experiments, which may be feen in the 
following table, fhews evidently, that the error arifing from 
the difference of the fhapes or dimenfions of the two inftru- 
ments in queftion was inconfiderable, if not totally imper- 
ceptible. 



(Exp, 



286 



Sir Benjaiviin Thompson's 



(Exp. N°i3.) 
Thermometer N" i 
Its bwlb half m inch in dia- 
meter Ihut up in the center of 
a glafs globe ij inch in dia- 
meter, voided of air, and her- 
metically fealed. 

Taken out of freezing water, 
md plunged into boiling water. 

Time elapfed. Heat acquired. 



55 

ss 

7 

29 

2 

21 



M. 

o 
I 
I 
I 
2 

3 

13 4+ 



10 
20 

40 

50 
60 

70 



24 48 =: total time of 
heating from o® to 80°. 
Total time from 0° to 70° = 



11^4''- 



(Exp.N° 14.) 

The fame Thermometer (N"' i .) 

The glafs globe, contaiuijig 

the bulb of the thermometer, 

being now filled with air, and 

hermetically fealed. 

Taken out of freezing water, 
and plunged into boiling water . 



Time elapfed. 



S. 

32 
32 

43 

50 

I 

24 

38 

10 25 



M. 
O 

o 
o 
o 
1 
I 

2 



Heat acquired. 

0° 



10 

20 

30 

40 

50 
60 



r 
80 



18 5 — total time of 
heating from 0° to 80°. 
Total time from 0° to 70° = 



7' 4o'^ 



- It appears, therefore, from thefe experiments, that the con- 
ducing power of common atmofpheric air is to that of the 
Torricellian vacuum as 7*4 to 11^^ inverfely, or as 1000 to 
60? ; which differs but very little from the refult of all the 
foregoing experiments. 

Notwithftanding that it appeared, from the refult of thefe 
laft experiments, that any difference there might polTibly 
have been in the proportions or dimenfions of the inftruments 
ISl" I. and N° 2. could hardly have produced any fenfible error 

i» 
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III the refult of the experiments in queflion j I was willing, 
however, to fee how far any confiderable alterations of fize in 
the inftrument would afFefl: the experiment : I therefore pro- 
vided myfelf with another inftrument, which I fhall call 'Ther- 
mometer N" 3. different from thofe already defcribed in fize, 
and a little different in its conftruftion. 

The bulb of the thermometer was of the fame form and 
fize as in the inftruments N° i. and N° 2. that is to fay, it was 
globular, and half an inch in diameter ; but the glafs globe, 
in the center of which it was confined, was much larger, being 
3 inches 7I lines in diameter; and the bore of the tube of the 
thermometer was much finer, and confequently its length, and 
the divifions of its fcale, were greater. The divifions were 
marked upon the tube with threads of filk of different colours 
at every tenth degree, from 0° to 80°, as in the before-men- 
tioned inftruments. The tube or cylinder belonging to the 
glafs globe was 8 lines in diameter, a little longer than the 
tube of the thermometer, and perfedly cylindrical from its 
upper end to its junftion with the globe, being without any 
choak ; the thermometer being confined in the center of the 
globe by a different contrivance, which was as follows. To 
the opening of the cylinder was fitted a ftopple of dry wood, 
covered with a coat of hard varnifti, through the center or 
axis of which paffed the end of the tube of the thermometer,: 
this confined the tube in the axis of the cylinder at its upper 
end. To confine it at its lower end, there was fitted to it a 
fmall fteel fpring, a little below the point 0° ; which, being 
confined round the tube of the thermometer, had three elaftic 
points projeding outwards, which prefling againft the infide 
of the cylinder, confined the thermometer in its place. The 
total length of this inftrument, from the bottom of the globe 

to 
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to the upper end of the cylinder, was 18 niches, and the freez- 
ing pohit upon the thermometer fell about 3 mches above the 
bulb; confequently it lay about if inch above the junftioii 
of the cylinder with the globe, when the thermometer was 
confined in Its place, the center of its bulb coinciding with the 
center of the globe. Through the ftopple which clofed the 
end of the cylinder paffed two fmall glafs tubes, about a line 
in diameter, which being about a line longer than the ftopple 
were ftopped up occafionally with fmall floppies fitted to their 
bores. Thefe tubes (which were fitted exa£lly in the holes 
bored in the great ftopple of the cylhider to receive them, and 
fixed in their places with cement) ferved to convey air, or any 
other fluid, into the glafs ball, without being under a neceffity 
of removing the ftopple doling the end of the cylinder ; which, 
in order to prevent the pofition of the thermometer from being 
eafily deranged, was cemented in its place. 

1 have been the more particular in the defcription of thefe 
inftruments, as 1 conceive It abfolutely necefTary to have a 
perfe61: Idea of them in order to judge of the experiments made 
with them. 

With the inftrument laft defcrlbed (which I have called 
Thermometer N° 3.) I made the following experiment. It was 
upon the i8th of July laft, in the afternoon, the weather va- 
riable, alternate clouds and fun-fhine ; wind ftrong at S.E. 
with now and then a fprlnkling of rain; barometer at 27 
inches io| lines, thermometer at i8°i, and hygrometer va- 
riable from 44° to extreme moifture. 

In order to compare the refult of the experiment made with 

this thermometer with thofe made with the thermometer N° 2« 

I have, in the following table, placed thefe experiments by the 

fide of each other. 

(Exp. 
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(Exp.N°i5.) 


, (Exp. N" 4. and N^ 5 ) 




Thermometer N° 3. 


Tiermomefer N° %. 




Its bulb half an inch in dia- 


Its bulb half an inch in diameter. 


fluit up in 


meter, fliut up in the center of 


the center of a gla(s globe, ij inch in dia[ 


a glafs tube, 3 inches 7I lines 


meter, and furrounded by o:/r. 




in diameter, and furrounded by 


Taken out of freezing tuaier^ and plunged inti\ 


air. 


hailing water. 




Taken out of free%ing water , and 
plunged into boiling water. 






Time elapfed. 


' Heat , 
acquired. 


Time elapfed. Heat acquired. 


Exp. N^ 4. Exp. W 5. Medium, 









M. S. 


M. S. M. S. M. S, 


33 10 


30 30 30 


10 - 


38 ao 


35 37 36 


. 20 


54 3° 


41 41 41 


30 


51 40 


49 53 51 


40 


» 7 50 


II p 59 10 


50 


I 28 60 


I 24 I 20 1 22 


60 


2 28 50 


2 45 2 25 2 35 


70 


9 80 

1 6 59:= total time of 


9 10 9 38 9 24 


80 

= total; 


16 55 17 3 16 59 


heating from 0° to 80". 


time of heating from 0' to 80°. 




Time from 0" to 'jo°z=f 59". 


Time from 0° to 70°=:7'.35" j 



If the agreement of thefe experiments with the thermome- 
ters N*' 2. and N° 3. furprifed me, I was not lefs furprifed 
with their difagreement in the experiment which follows. 

Experiment "^1° 16. 

Taking the thermometer N° 3. out of the boiling water, f 
immediately fufpended it in the middle of a large room, 
where the air, which was quiet, had the temperature of iS"! 
JR.. and obferved the times of co&ling as follows : 



^0L..LXX¥L 



^0.1 



Time 
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T5me elapfed. 


Heat loft. 




80^ 

0.. 


M. S. 


I 55 


70., 


p 13 


60. 


o 33 


50- 


2 15 


40 


4 


30 



9 55 r: tQtalstime of cooling from- 80" to 30?. 
, Time from 70° to 50°=8^q''; but in the expierlment N? 
JZ. with. the thermometer N° 2. the time employed in cooling 
from 70° to 30° was only 6^ 11 '^ In this; experiment, with 
the thermometer N° 3. the time employed in cooling- from 60? 
to 50° was 7- 48''' ; but in the above-mentioned experiment, with 
the thermometer N° 2. it was only 5'' 20-''. It is true, the air of' 
the room was fomewhat cooler when, the former experiment 
was made than when this latter was made with the thermo- 
meter N° 3. ; but' this difference of temperature* which- was- 
only 2°| (in the former cafe the thermometer in the room 
ftanding at 16", and in the latter at 18"!) certainly could not 
have occafioned the whole of the apparent difference in the- 
refults of the experiments:. 

Does air receive heat more readily than it parts with it ? This 
is a queftion highly deferving- of further inveftigation^ and I 
fhall not fail to give it a full examination in the courfe of my 
projeded inquiries ; but leaving it for the prefent, I fhall proceed 
to give an account of the experiments which I have already 
made *. 

lit 

* Conceiving it to be a ftep of. confiderable iroportauce towards coming at a 

further 
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It having been my intention from the beginning to examine 

the conducing powers ©f the artificial airs or gaffes, the 

thermometer 

further knowledge of the nature of heat, to afcertain, by indifputable evidence, 
its paflage through the Torricellian vacuum, and to determine, with as rnuch 
porecifion as poffible, the law of its motions in that tnedium ; and being appre- 
henfive that doubts might arife with refped to the experiments before defcribed, 
on account of the ■contaift of the tubes of the inclofed thermometers in the 
inftruraents made life of with the containing glafs globes, or rather with their 
cylinders; by which means it might be fuipeded, that a certain quantity, if not 
all the heat acquired, might poffibly be communicated.: to put this matter 
beyond all doubt, I made the following experiment. 

In the middle of a glafs body, of a pear-like form, about ^ inches long, and 
2 1 inches in its greateft diametei;, I fufpended a fmall mercuiial thermometer, 5f 
inches long, hy a fine thread of filk, in fuch a manner that neither the bulb of 
the thermometer, nor its tube, touched the containing glafs bo4y in any part. 
"The tube of the thermometer was graduated, and marked with finethreads.of filk 
of different colours bound round it, as in the thermometers belonging to the 
other inftruments already defcribed; and the thermometer was fufpended in its 
place by means of a fmall ileel fpring, to which the end of the thread of filk 
which held the thermometer being attached, it (the fpring) was forced into a 
fmall globular protuberance or cavity, blown in the upper extremity of the glafs 
body, about half an inch in diameter, where the fpring remaining, the-thermo- 
meter necefllirily remained fufpended in the axis of the glafs body. There was 
an opening at the bottom" of the glafs body, through which the thermometer was 
introduced ; and a barometrical tube being foldered to this opening, the infide of 
the glafs body was voided of air, by meaiis of mercury.; and this opening being 
afterwards fealed hermetically, and the,barometrical tube being taken away, the 
thermometer was left fufpended in a Torricellian, vacuum. 

In this inftrument, as the inclofed thermometer did not touch the containing 
glafs body in any part, on the contrary, being djftant from its internal furface an 
inch or more in every part, it is clear, that whatever heat pafl^ed into or out of the 
thermometer muft have pafled/Z'r«»g'i5 the furrounding Torricellian vacuum: for 
it cannot be fuppofed, that the .fine. thread of filk, by which the thermometer 
was fufpended, was capable of conducing any heat at all, or at leaft ajiy fenfible 
<juantity. J therefore flattered myfelf with hopes of being able, with the 

(i,q. a affiftancc 
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tBermometer N° 3; was eonftruded with # view to tlibfe expe* 
firnents; and having now provided nayfelf with a ftbck of ehofe? 
different Itinds of airs-, I began v/'ith. fixed air,, with which, by. 

affiftance of this iaftTument, to determine po'fitiVely with regnrd to tHd' pafla|ie of 
heat iti the Tomcellian vacuum : and this,. I think,- 1 have dbncj notwitliffandingf 
that an unfortunate accident put i,t but of my power, to purfue tfe-exi)^riifaeftts fd- 
fSr as I intended. 

This inffiniitient being fitted'to a fmatl ffand ot- foot of vi^tJOiJi in fufch a manner 
that the glafs body remailied in a perpendicular fituationj i placed it in niy: room,; 
by the fide of another iiicloftd thermometer (N° 2.)? w-hich v?as fwrdunded by 
air, and obferved the efea of the variation, of heat in the atmofphere'. I ifootii 
difcovered, by the motioa of the mercury in the incloied thermometer^ . that the; 
Keatpafled through the Torricellian vacuum; but it appeared plainly* frtirei the 
feggifluiefs or great infenfibility of the thermometer, that the heat paffed n^ith; 
much greater difficulty in this medium than in cotiimon air. I now pliiih'ged bottt' 
the thermometers into a bucket of cold vpater ; and I obTerved that the mercury: 
in the thermometer furrounded by air defcehded much fafter than- that in the- 
thermometer furrounded by the Torricellian vacuum. I took them out of thei 
cold water, and plunged them into a veffel of hot v/ater (having no cdnvetiiencies' 
at hand to repeat the expcnment in form with the freezing afid with the boiling: 
water);: and the thermometer furrounded by the Torricellian vacuum appeared^ 
ill]] to be much more infenfible or llijggilh than that fiifrOunded by air, 

Thefe trials were quite fufficient to convince me of the paCage of heat in the*- 
Torricellian vacuum, awd alfo of the greater difficulty of its- paffage; in that 
medium than in common air; but,, not fatisfied to reft rrty inquiries herSyiFtddk! 
the firft opportunity that offered, and fet myfelf to repeat the experiments which 
I had before made with the inftruments N" i. and^ N" %. I plunged this- inftru-: 
ment into freezing water, where I let it remain till the mercury in the ifiiclofed 
thermometer had defcended to G* ; when, taleing it out of the freezing water, I 
plunged it fuddferily into a veffel of boiling wafer, and prepared' myfelf to obferve 
the afcent of the niercury in the inclofed thermometer as in the foregfiing experi* 
ments ; but unfortunately the moment the: end of, the glafs body touched the 
boiling water, it cracked with the heat at the point where it hfld beeti hermetically 
fealed, and the water rufhing into the body, fpofied the experiment :- and I have 
not fince Had an opportunity of providing myfelf with: a ntother inflnifin'eht to 
repeat it. 

means- 
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means of water, I filled the globe and cylinder contamliig the 
tkermottieter ; and ftoppjnglnp the tv^o holes in the great ftop-*- 
pie dofing the end of the Cylindei*, I expdfed'the inftrumentin 
freezing water till the niercury in the inclofed- thermometer had 
defcended to 0° ; when, taking it out of the freezing water, 
I plunged it into a krge veffel of boiling water,i and prepared; 
myfeif to obferve the times of heating,: as'-'in the former cafes; 
but an accident happened, which fuddenly put a flop to the 
experiment. Immediately Upon plunging the inftrument into. 
the boiling water, the mercury began to rife in the thermorheter- 
with fuch uncommon cefority, thkt it had pafled the firfl: divi-- 
fion upon the tube (which marked; the 10th degree, according, 
to Reaumue's fcale) before I wasl aware: of its being yet in 
motion; and having thus miffed the opportunity of obferving 
the time elapfed when the mercury arrived at that point, I 
was preparing to obferve its paffage of the next, when all of a 
fudden the ftopple cldfing the end of the cyUnder was blown 
up the chimney with a great explofion, and the thermometer,, 
which, bein^ cemented to it by its tube, was taken along with 
it, and was broken to pieces, and deftroyed in its fidl. . 

This unfortunate experiment, though it put a flop for the. 
time to the inquiries propofed, opened the" way to other re- 
fearches not lefs interefting> Sufi>e(9:ing that the exploficin was. 
OGCafioned by the rarefaction of the Water which remained; 
attached to the infide of the globe and cylinder after the ope^- 
ration of filling them with fixed air; and thinking it more. 
..than probable, that the uncommon celerity, with which the 
mercury rofe in the thermometer, was principally owing to 
the fame caufe ; I: was- led to examine the condu6ting power- of « 
wflj/?^ ^/f, or air falurated. with water. , 
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For this experiment I provided myfelf with a new thermo* 
meter N° 4. the bulb of which, being of the fame form as 
thofe already defcribed fvi%. globular) was alfo of the famefizej 
or half an inch in, diameter. To receive this thermometer 
aglafs cylinder wa? provided, 8 lines in diameter, and about 
14 inches long, and terminated at one end by a globe li inch 
in diameter. In the center of this globe the bulb of the ther- 
mometer was confined, by means of the ftopple which clofed the 
end of the cylinder; which ftopple, being near 2 inches long, re- 
ceived the end of the tube of the thermometer into a hole bored 
through its center or axis, and confined the thermometer In its 
place, without the affiflance of any other apparatus.. Through 
this ftopple two other fmall holes vv^ere bored, and lined With 
thinglafs tubes, as in the thermometer N° 3. opening a paf- 
fage into the cylinder, which holes were occafionally flopped 
up with fome floppies of cork; but to prevent accidents, fuch 
as 1 had before experienced from an explofion, great care was 
taken not to prefs thcfe floppies into their places with any con- 
fiderable force, that they might the more eafily be blown out 
by any confiderable effort of the confined air. 

Though in this inftrument the thermometer was not alto- 
gether fo fleady in its place as in the thermometers N° i. N°2. 
and N° 3. the elafticity of the tube, and the weight of the 
mercury in the bulb of the thermometer, occafioning a fmall 
vibration or trembling of -the thermometer upon any fudden 
motion or jar ; yet I preferred this method to the others, on 
account of the. lower part of this thermometer being intirely 
free, orfufpended in fuch a manner as not to touch, or have 
any; communication with, the lower part of the cylinder or 
the globe : for though the quantity of heat received by the 
■lube of the thermometer at its contadl with the cylinder at its 

choaksj 
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choaks, In the Inflruments N° 1. and N° 2. or with the 
branches of the fteel fpring in N° 3. and from thence commu- 
aicated to the bulb, mull have been exceedingly fmall ; yet I 
was defirous to prevent ev^n that, and every other poffible 
error or inaccuracy, howrever fmall, that might ariie,. 

Does humidity augment the condu(Sling. power of air? 

To determine this queftion I made the following experi- 
ments, the weather being clear and fine, the mercury in the 
barometer ftanding at 27 inches 8 lines, the thermometer at 
1 9°, and the hygrometer at 44?. 



(Exp. iS" 17.) 
Thermometer i^"^ 4, 
Surrounded by air- dry. to the 
44th degree of the quill hy- 
grometer of the Manheim 
Academy. 

Taken out of freezing waien, 
and plunged into boiling ivater. 



Time elapfed, 



M. 
o 
© 
o 
o 
I 
I 

2 



s. 
34 
39 
44 

51 
6 

3S 
40 



not obferved. 



Heat acquired. 

10 

20 

30 

40 

50 
60 
70 
80 



8 9 = total time of 
heating from 0° to id". 



(Exp. N^ 18.) 
The fame thermometer (N° 4.) 

Surrounded by air rendered 
as moifl as poffible by wetting 
the infide of the cylinder and 
globe with water. 

Taken out of freezing tvater, 
and plunged into boiling water. 



Time elapfed. 



M. 
O 
O 
O 

o 



s. 
6 

4 
5 
9 



o 18 
o 26 

o 43 
7 45 



Heat acquired, 
O' 

10 

20 

30 
40 

50 
60 

80 



I 5 1 — total tim.e of 
heating from 0° to 70^ i 



Erora.--j 



296 Sir Benjamin Thompson's 

From thefe experiments it appears, that the couduQ:iii;g 
power of air is very much increafed by humidity, To fee If 
the fSme refult wOuid obCaf a when the experiment was iie- 
verfed, I now took the thermometer with the ftiojj} djr out of 
the boiling water, and plunged it into freezing water ; and 
moving it about continually from place to place in the freezing 
Tivater, I obferved the times of CooHng, aS fet down in the 
following table. N. B/ To compare the a-efuit of this experi- 
ment with thofe made with dry air, I have placed on one fide 
in the following table the experiment in queftion, and on the 
other fide the experiment N° 19. made with the thermo- 
meter N° 2. 



(.Exp. N° 


1 90 1 


,(Exp. 


N° 10.) I 


Thermometer N° 4. 


Ther)n.ometer'^° 2. 


Surrounded by 


moiji air. : 


Surrounded by dry air. 


Taken out of boiling water. 


Taken out 


of boiling water , 


an^ plunged into fr 


eezing water'. 


and plunged into freezing 'water. 


Time elap|©tl. 


Heat loft. 


Time elapf 


5(1. Heat loft. 




'■>w 




80° 


M. S. 





M. S. 


0' 


4 


fo 


^ 3S 


70 


$4 


»ife 


34 


«o 


-0 31 


:^0' 


44 


50 


^0 52 


s^ 


55 


40 


'■I 'aa 


30 


I 18 


30 


-2 3 


io 


I 57 


ao 


.4 -2 


10 
otal time of 


3 40 
9 ^2 


= total time of 


9 8 == t 


coolins: from 80° to 10°. 


cooling from 


8o» to 10°. 



Though the difference of the whole times of cooling from 
80° to 10° in th«fe two experiments appears to have been very 

,c fmall, 



Expermen.ts upon Heat,. zg j 

fmall, yet .the difference of the tunes takqn up by the firft 
twenty or thirty degrees from ,the boiling point is very re- 
markable, and fhows with how much greater facihty heat 
paffes in mpift air than in dry air. Even the flownefs with 
which the mercury in the thermometer N'' 4. defcended in 
this experiment from the 3Qth to the 20th, and from the 20th 
to the loth degree, I attribute in fome meafure to the great 
conducting power of the moift air with whigh it was fur- 
rounded;; ;fbr the cyUnder containing tfie thermometer and the 
moift air, being not wholly fubmerged in the freezing water, 
thatpart qf it which remained out pf the water v^as neceflarily 
furrounjled by the air of the aitmofphere ; which being much 
warmer than the wafer, communicated of its heat to the ,glaTs ; 
\yhich, pairing ii'pm thence into the contained moift air as 
foon as .that air became colder than the external air, was, 
|;|]roygh tljiat rjiedium, cprnmunicated to. the bulb pf the in* 
cjofed thei-monieter, which prevented Its' cooling fo faft as it 
tvftuld Q^herwife have done. But when the weather becomes 
cold, 1 pro^ofe to repeat this experiment with variations, in. 
fjich a rmanner as to put the lyiatter beyond all doubt. In the 
mean time Lcannot help obferving, with vvhat infinite wifdom 
aAd ,,gop.daefs Divine jPrpyidence appears tP have guarded us 
aga^nft the evij. effe(3:s pf exceffive heat and cpld in the atmo- 
fphere; for if It were ppffible fpr the air to be equally damp 
durln.g the fevere cold qf the winter months as it fometimes is 
^n fummer, its conducing po wer,, and confequently its apparent 
qpldnefs, when applied tP Pur bodies, would be fo much In- 
creafed, by fuch a-n additional degree pf molfture, that It 
-WPiUldbe.cpiTieqvite intolerable; but, happily for us, its 
posvyer to hpld water Infplutipn Is dimlniflied, and with It its 
power tp rob iis of our animal heat, in prppprtion as its 
Vql.LXXVI. Rr ~ cpldnefs 
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coldnefs is increafed. Every body knows how very difagreeable 
a very moderate degree of cold is when the air is very damp ; 
and from hence it appears, why the thermometer is not always 
a juft meafure of the apparent or fenfible heat of the atmo- 
fphere. If colds or catarrhs are occafioned by our bodies being 
robbed of our animal heat, the reafon is plain why thofe dif- 
orders prevail moft during the cold autumnal rains, and upon 
the breaking up of the froft in the fpring. It is likewife plain 
from whence it is that fleeping in damp beds, and inhabiting 
damp houfes, is fo very dangerous ; and why the evening air is 
fo pernicious in fummer and in autumn, and why it is not fo 
during the hard frofts of winter. It has puzzled many very 
able philofophers and phyficians to account for the manner in 
which the extraordinary degree or rather quantity' of heat is 
generated which an animal body is fuppofed to lofe, when ex- 
pofed to the cold of winter, above what it communicates to 
the furrounding atmofphere in warn^ fummer weather ; but is 
it not more than probable, that the difference of the quantities 
of heat, adually loft or communicated, is infinitely lefs than: 
what they have imagined ? Thefe inquiries are certainly very 
interefting ; and they are undoubtedly within the reach of 
well contrived and well conducted experiments. But taking 
my leave for the prefent of this curious fubje^ of inveftiga- 
tion, I haften to the fequel of my experiments. 

Finding fo great a difference in the conducting powers of 
common air and of the Torricellian vacuum, I was led to 
examine the conduCling powers of common air of different 
degrees of denfity. For this experiment I prepared the ther* 
mometer N" 4. by flopping up one of the fmall glafs tubes 
pafling through the ftopple, and opening a paffage into the 
cylinder, and by fitting a valve to the external overture of the 

other. 
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other. The hiftrument, thus prepared, being put under the 
receiver of an air-pump, the air pafled freely out of the globe 
and cylinder upon working the machine, but the valve above 
defcribed prevented its return upon letting air into the receiver. 
The gage of the air-pump (howed the degree of rarity of the 
air under the receiver, and confequently of that filling the 
globe and cylinder, and immediately furrounding the thermo- 
meter. 

With this inftrument, the weather being clear and fine, 
the mercury in the barometer ftanding at 27 inches 9 lines, the 
thermometer at 1 5°, and the hygrometer at 47°, I made the fol- 
lowing experiments. 



(Exp. N" 20.) 


(Exp. N° 21.) 


(Exp. N° 22.) 


fhermometer N° 4. 


nermometer N" 4. 


Thermometer N" 4, 


Surrounded by common 


Surrounded by air rare- 


Surrounded by air rare- 


air, barometer ftanding at 


fied by pumping till the 


fied by pumping till the 


27 inches 9 lines. 


barometer-gage, flood at 


barometer-gage flood at 




6 inches ii| lines. 


I inch 2 lines. 


Taken out of freezing wa- 


Taken out of freezing wa- 


Taken out of freezing wa- 


ter, and f lunged into boiling 


ter, and plunged into boiling 


fer, and plunged into boiling 


•water. 


water. 


•water. 


Time Heat 


Time Heat 


Time Heat 


elapfed. acquired. 


elapfed. acquired. 


elapfed. acquired. 


0° 


o'' 


0° 


M. S. 


M. S. 


M. S, 


31 10 


31 10 


29 10 


40 20 


38 20 


36 20 


41 30 


44 30 


49 30 


47 40 


51 40 


I I 40 


14 .50 


» 7 50 


I I 50 


1 25 60 


I 19 60 


I 24 6q 


a 28 70 


2 27 70 


2 31 70 


JO 17 80 


10 21 80 


not obferved. 80 


7 36= total time of 


7 37 = total time of 


7 51= total time of 


heating from 0° to 70°. 


heating from 0° to 70°. 


heating from 0° to 70°. 



R r a 



The 
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The refult of thefe exp6rittteiits,> I Confefs, furprifed me 
not a little ; but the difcpvery of truth^ being: the fole object of 
my inqviiries (having no favourite theoty to defend) it brings 
no difappointment along with it, mider whatever unexpected 
Ihape it may appear. I hope that further experimeflts may lead 
to the difeovery of the caufe why there is fo little difference in 
the condu£l;ing powef s of air of fueh very different degrees' Gi 
rarity, while there is fo great a difference in tiie condtmSfeing 
powers of air, arid of the Torricellian vaicuum. At prefent, 
I (hall not venture any conjef^ures upon the fubje<St ; but in the 
mean time I dare to affert, that the experiments 1 have rnade 
may be depended on. 

The time of my ftay at Manheim being expired (having had 
the honour to attend thither his moft Serene Highriefs the 
Ele6kor Palatine Duke of Bavaria, ray rtiofl: Gracious Mafter, 
in his late journey), I was prevented frorh purfuing thefe in- 
quiries further at that time ; but I Ihall not fail to recommende 
them the firft leifure time I can find, which I fancy will be 
about the begintlihg of the month of November. In the mean 
time, to enable myfelf to purfue them with effect, I am 
fparing neither labour nor expence t6 provide a complete appa- 
ratus neceflary for my purpofe ; and his Ele<5toral Mighnefs 
has been gracidufly pleafed to order M. Artaria (v(^ho is in 
hisfervice) to come to Munich to affift me. With fuch a 
Patron as his moft Serene Highnefs, and with fuch an affiftaiit 
as Artaria, I (hall go on in my purfuits with chearfulnefs. 
Would to God that my labours might bfe as ufeful to others ds 
they will be pleafant to me ! 

i fliall conclude this letter with a ^<lit>rt~^ee©unt of (bme 

experiments I have made to determine the condu(Sing powers 
4 of 
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of water &iid of mercury ; and with a table, fliowing at one 
view the condu£kIng, powers of all the different mediums 
which I have examined. 

. Having filled the glafs globe inclofing the bulb of the ther- 
inometer N° 4. firft with water, and then with mercury, I 
made the following experiments, to afcertain the conducting 
powers of thofe two fluids. 



(Exp.N°23.) 


(Exp. N° 24, 25, and 26.) 




Thermometer N" 4. 


Thermometer N" 4. 




Surrounded by water. 


Surrounded by mercury. 




Taken out of freezing lx>ater, and 


Taken out of freezing water, and plunged iato\ 


plunged into boiling water. 


boiling water. 






Time elapfed. 


Heat 


Time elapfcd. Heat acquired. 




Exp.N»24. Exp.N°25. Exp.N°26. ^''^"'"''• 
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I 57 = total time of heat- 


41 31 48 = total times 


ing from 0° to 70°. 


of heating from 0'^ to 70", 


! 



The total times of heating from 0° to 70° in the three ex- 
periments with naercury being 41 feconds, 31 feconds, and 
48 feconds, the mean of thefe times is 36 1 feconds ; and as in 
the experiment with water the time employed in acquiring 
the fame degree of heat was i' 57^^=117 feconds, it appears 

from 
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fromthefe experiments, that the conduding power of mercury 
to that of water, under the circumftances defcribed, is as 36I 
to 117 Inverfely, or as 1000 to 313. And hence it is plain, 
why mercury appears ^o much hotter, and fo much colder, to 
the touch than water, when in fa£t it is of the fame tempera- 
ture: for the force or violence of the fenfation of hot ox cold 
depends not intirely upon the temperature of the body exciting 
in us thofe fenfations, or upon the degree of heat it adually 
poflefles, but upon the quantity of heat it is capable of commu- 
nicating to us, of receiving from us, in any given fhort period 
of time, or as the intenfity of the communication j and this 
depends in a great meafure upon the conducing powers of thje 
bodies in que/lion. 

The fenfation of hot is the entrance of heat into our bodies ; 
that of cold is its exit ; and whatever contributes to facilitate 
or accelerate this communication adds to the violence of the 
fenfation. And this is another proof that the thermometer 
cannot be a juft meafure of t\\QfenJibk heat, or cold, exifting 
in bodies ; or rather, that the touch does not afford us a juft 
indication of their real temperatures. 



A Table 
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A Table of the conducing Powers oi the under-mentioned 
Mediums^ as determined by the foregoing experiments. 
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In determining the relative condu(5ling powers of thefe me- 
diums, I have compared the times of the heating of the ther- 
mometers from 0° to 70° inflead of taking the whole times 
from 0° to 80°, on account of the fmall variation in the heat 
of the boiling water arifing from the variation of the weight 
of the atmofphere, and alfo on account of the very flow mo- 
tion of the mercury between the 70th and the 80th degrees, 
and the difficulty of determining the precife moment when 
the mercury arrives at the 8oth degree. 



Taking 
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Taking now the eonduding power of mercury = 1000, the 
condudhig powers of the other mediums, as determined by 
thefe experiments, will be as follows, viz. 

Mercury . . 1000 

Moift air . , 330 

Water, . . ■. 2^3 

Common air, denfity= i So-rV'^ 

Rarefied air, denfity=:| . So-ry-g- 

Rarefied air, denfity=^*^ 78 

The Torricellian vacuum 55 

And in thefe proportions are the quantities of heat which; 
thefe different mediums are capable of tranfmitting in any- 
given time; and confequently thefe numbe^r-s exprefs the rela- 
tive y&«/i3/^ temperatures of the mediums, as well as their con- 
du<5ling powers. How far thefe declfions will hold good under 
a variation of circumftances experiment only can determine. 
This is certainly a fubjedt of inveftigation not lefs curious /in 
itfelf than it is interefting to mankind ; and I wifli that what I 
have done may induce others to turn their attention to this 
long neglected field of experimental inquiry. For my own 
part, I am determined not to qviit it. 

In the future profecution of thefe inquiries, I do not mean 
to confine myfelf folely to the determining of the conducting 
powers of fluids; on the contrary, folids, and particularly 
fuch bodies as are made ufe of for cloathing, will be principal 
fubjefts of my future experiments. I have indeed already 
begun thefe refearches, and have made fome progrefs in them ; 
but I forbear to anticipate a matter which I propofe for the 
fubjed of a future communication. 






